SUMMARY The role of calcium in the pathogenesis of hypertrophic cardiomyopathy was investigated experimentally. For this purpose the calcium antagonist verapamil and the calcium ionophore A23187 were administered to pregnant rats together with triac in order to observe their effect on triac induced myocardial disarray and hypertrophy in developing rat hearts. At a low dose verapamil reduced both the level of disarray and hypertrophy, but a higher dose produced hypertrophy when given alone. A23187 did not appreciably potentiate the actions of triac when given in combination but when administered alone produced both disarray and hypertrophy. Verapamil prevents the inward movement of calcium ions to the myocardial cell, whereas A23187 increases the inflow of calcium ions. The results suggest that the actions of triac in producing myocardial disarray and hypertrophy are attributable to an increased concentration of intracellular calcium.
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Hypertrophic cardiomyopathy, in common with all other cardiomyopathies, is of unknown aetiology.' It has been established that myofibrillar disarray is characteristic of hypertrophic cardiomyopathy,2 and it is likely that other cardiac muscle abnormalities, which permit firm morphological diagnosis,3 develop subsequently. Quantifiable ultrastructural changes, mimicking those seen in patients with hypertrophic cardiomyopathy, can be produced in the heart muscle of developing rats by administering triiodothyroacetic acid during pregnancy. 4 We report the results of experiments in which the rat model was used to study the influence of verapamil on triac induced disarray and hypertrophy. To elucidate further the role of calcium in the pathogenesis of these morphological changes the effects of the ionophore A23187 were also examined.
Materials and methods
The experimental methods followed those described t~~. , i F * t The hearts of the two fetuses from the dead mother in group 6 showed signs of autolysis, but no other abnormalities were present. The heart of the dead mother also appeared to be normal.
In both experiments triac increased the cell diameters compared with the buffer control, as previously reported.4"0l' This hypertrophy was significantly reduced, although not totally prevented, by verapamil at 1 mg (Table 3) . Verapamil alone, at 4 mg, produced a similar degree of hypertrophy to triac alone (Fig. 1) . Triac induced hypertrophy was not affected by the concurrent administration of A23187 except in 7 day old rats that had received A23187 60 jg with triac. In these the degree of hypertrophy was significantly increased (Table 3 ). A23187 also produced hypertrophy when it was given alone. Table 4 shows the scores for disarray and crossover.
ELECTRONMICROSCOPICAL FINDINGS
Regular arrangement-of myofibrils (Fig. 2) was increased by the administration of triac (Fig. 3) . When verapamil (1 mg) was given with triac the level of disarray was reduced to control levels at both two and seven days. Verapamil alone (4 mg) had no effect. When A23187 was administered with triac the level of disarray was approximately the same as that when triac was given alone. Nevertheless, disarray was also observed when A23187 was given alone, most prominently in the 2 day old rats. Table 5 shows the scores for hypertrophy. Mild hypertrophy was noted in six out of 17 buffer control rats, but all hearts from the rats treated with traic alone were hypertrophied to the same or to a greater degree. Figure 4 shows an example of hypertrophied myocardium. Concurrent administration of verapamil reduced the level of hypertrophy, but the higher dose, given alone, produced hypertrophy.
When A23187 was administered with triac the hypertrophy was unaltered. In the 2 day old rats A23187 produced hypertrophy when given alone, and two rats at 7 days old from the group treated Electronmicrograph of a 2 day old rat from a triac treated mother (group 2) .The number of mitochondria separating parallel sarcomeres indicates that hypertrophy is present (compare with Fig. 1 ) .(Lead citrate and uranyl acetate,* original magnification x 12 000) with A23187 alone showed mild hypertrophy. The reason for the discrepancy in this case between the histological and electronmicroscopical findings is not known.
Discussion
In the experimental model described here some disarray was observed at histological level, but the most striking features were at the ultrastructural level. Disarray by itself must, however, be interpreted with caution. At one time it was considered to be pathognomonic of hypertrophic cardiomyopathy,13 but later reports from the same institute suggested that it is merely a feature of ordinary hypertrophy. 14 More recent work has suggested that angulation of the block during section cutting can alter results and indicate the presence of disarray when there was none and vice versa. i5 The question of the importance of disarray is still under discussion. [6] [7] [8] A summary of the subject states that disarray, at both histological and electronmicroscopical levels, is indicative but not pathognomonic of hypertrophic cardiomyopathy, and additional features such as gross asymmetric hypertrophy of the left ventricle must also be present. 19 The process of disarray must, however, start somewhere, and these events will first become evident at the electronmicroscopical level. Neither conclusive disarray at the histological level nor hypertrophy at the gross level has been produced by these experiments, but in view of the severity of the disarray at the electronmicroscopical level we consider it to mimic that seen in hypertrophic cardiomyopathy in man. Induction of disarray after administration of triac to pregnant rats is an ideal experimental model which lends itself to study of the pathogenesis of disarray, the fundamental morphological expression of hypertrophic cardiomyopathy.
Verapamil The aim of the first experiment reported in this paper was to find out whether verapamil would prevent disarray and hypertrophy, and it was found that at the low dose both were reduced. It was therefore considered unnecessary to repeat the experiment to see if offspring were produced in the groups receiving triac and the higher doses of verapamil. The doses used were comparatively greater than those used in man, and it is possible that the insult was too great and eventually caused the death of one of the rats in the high dose group.
The role of calcium has further been established by the use of A23187. This compound is a divalent cation specific ionophore that facilitates the passage of calcium across cell membranes, thus raising the level of intracellular calcium. When 
